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Abstract
Fragile X-syndrome is caused by a mutation in chromosome X. It is one of the most frequent causes of learning 
disability. The most frequent manifestations of fragile X-syndrome are learning disability, different orofacial 
morphological alterations and an increase in testicle size. The disease is associated with cardiac malformations, 
joint hyperextension and behavioural alterations. We present two male patients aged 17 and 10 years, treated in our 
Service due to severe gingivitis. Both showed the typical facial and dental characteristics of the syndrome. In ad-
dition, we detected the presence of root anomalies such as taurodontism and root bifurcation, which had not been 
associated with fragile X-syndrome in the literature. In some cases these root malformations have been associated 
with other sex-linked congenital syndromes, though in none of the studies published in the literature have they 
been related with fragile X-syndrome.
This syndrome is relevant due to its high prevalence, the presentation of  certain oral and facial characteristics that 
can facilitate the diagnosis, and the few cases published to date.
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Introduction
Fragile X-syndrome (FXS), also known as Martin-Bell 
syndrome, is one of the most common diseases of ge-
netic origin. This syndrome is responsible for 30% of all 
cases of hereditary mental retardation, and is associated 
to certain cognitive, behavioral and physical alterations 
(1,2).
FXS is a chromosome X-linked monogenic disease re-
sulting from a dynamic mutation of exon 1 in the FMR-1 
(Fragile X-linked Mental Retardation type 1) gene loca-
ted in band q27.3 of the long arm of chromosome X. This 
alteration originates from an increase in the number of 
repetitions of the cytosine – guanine – guanine (CGG) 
trinucleotide. Healthy individuals have 6 to 54 repeti-
tions of the CGG triplet. The genetic sequence related 
with FXS manifests in two forms or states depending 
on the number of CGG triplets it contains: premutation 
(PM) and complete mutation (CM). Individuals with 
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PM have between 55 and 200 repetitions, and are ge-
nerally considered to be unaffected, while patients with 
CM have expansions in excess of 200 CGG (normally 
between 1000 and 2000) (3). Crawford et al. in turn des-
cribed an intermediate form involving between 41 and 
60 repetitions (2).
Mutation of the FMR1 gene induces hypermethyla-
tion of the corresponding genomic region, preventing 
the production of messenger RNA (mRNA), and thus 
interrupting production of the FMRP (Fragile X Men-
tal Retardation Protein)-which is essential for neuronal 
development and the production of connective tissue in 
the fetus. A deficiency or absence of FMRP is the cause 
of FXS (4).
Since the causal mutation is linked to chromosome X, 
FXS is 30% more frequent in males than in females 
(1,2,5). The incidence of FXS varies according to 
the source consulted in the literature. Hessl et al. (6) 
reported an incidence of one out of every 2000-5000 
individuals (without specifying gender differences or 
distinguishing between CM and PM). Nunn et al. (5) in 
turn reported an incidence of one out of every 750 fe-
males and one out of every 1500 males (though likewise 
without differentiating between CM and PM) (5). The 
prevalence of PM as reported by most authors is one 
out of every 100-200 females and one out of every 800 
males, while the prevalence of CM is one out of every 
6000-8000 females and one out of every 4000 males 
(4,7).
The clinical manifestations of this syndrome in adult 
males include four main features: an elongated and na-
rrow face with a large forehead and prominent chin, 
large and anteverted ears, joint hyperlaxity (with increa-
sed mobility), and uni-or bilaterally large testes (macro-
orchidism). Between 25-30% of all patients with FXS 
do not present the typical fascies of the syndrome (1). 
The secondary characteristics of FXS in turn include 
tallness (1), a soft and silky skin, widened fingertips and 
flat feet. The physical features of females with CM are 
less evident and more variable than in males with CM, 
though exceptionally there have been reports of females 
with the classical phenotype of the syndrome. In con-
trast to males, girls with FXS are shorter than normal. 
In comparison, females with PM usually have a normal 
physical appearance (8).
The connective tissue anomalies are practically cons-
tant in patients with FXS, and include the presence of 
joint hyper-extensibility that decreases with age and is 
more accentuated in the case of the small joints (9) such 
as the temporomandibular joint (TMJ). These connec-
tive tissue disorders lead to cardiac anomalies such as 
heart valve alterations, particularly mitral valve prolap-
se–which gives rise to heart murmurs (7,8,9).
The typical facial characteristics of FXS include ma-
crocephalia, a prominent frontal bone, hypotelorism, 
strabismus, hypoplasia of the middle third of the face, 
mandibular protrusion, and the possible coexistence of 
Pierre-Robin syndrome (micrognathia, glossoptosis and 
cleft palate) (7,11). The most frequent intraoral anoma-
lies are an ogival palate, cleft palate, the presence of me-
siodens (9), dental hypomineralization and abrasion of 
the occlusal surfaces and incisal edges (5,8,10), as well 
as an increase in the dimensions of the dental crowns in 
the mesiodistal and vestibulolingual orientation, which 
produces severe bone-dental discrepancies (8,11). 
During the prepubertal stage the behavioral features of 
the syndrome are more apparent than the physical cha-
racteristics. In boys and adult males with CM, cognitive 
performance is usually affected, and 80-90% present 
intellectual deficiencies-with an IQ score in the range 
corresponding to moderate-severe mental retardation. 
In addition, most of these patients suffer important at-
tentional problems. The most common behavioral dis-
turbances are hyperactivity, which tends to improve 
with age, anxiety in the face of new situations or cir-
cumstances with unknown elements, and perseveration 
behavior (repetition of actions and phrases) (8). These 
patients are also extremely shy, and tend to avoid anxie-
ty-generating eye contact. In situations characterized 
by excitation, stereotypes are common (flapping move-
ments and nibbling of hands). Approximately 15-30% 
are autistic; in fact, it is estimated that 6% of all autistic 
males have FXS (1,4,5). These patients usually show 
poor tolerance of frustration, and have scant patience 
when having to wait for something. Their behavior can 
be impulsive and/or aggressive under certain circums-
tances. Approximately 30-50% of all girls with CM 
have a normal IQ score, though with learning difficul-
ties, deficient executive function, attentional disorders, 
emotional lability, difficulties with mathematics, and 
language deficiencies. Shyness and social anxiety may 
pose serious problems requiring specific treatment.
Approximately 15% of all patients with FXS suffer a 
form of epilepsy characterized by a benign course with 
disappearance of the seizures before 20 years of age. 
Anomalies have been documented in brain morphology, 
related with the low intellectual performance of chil-
dren with FXS, and with methylation of the FMR1 gene 
(8,12).
The present study describes our experience with two male 
patients aged 17 and 10 years, diagnosed with FXS.
Clinical Cases
Case 1
A 17-year-old male presented with FXS (offspring of 
a woman with FXS carrier status). The molecular ge-
netic study showed the patient to carry an allele with 53 
repetitions of the CGG triplet in region 5 of the FMR1 
gene, with increased levels of mRNA and decreased 
levels of FMRP. The patient presented discrete hypoa-
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cusia, an ocular refraction defect, upper dorsal scolio-
sis and epilepsy (currently undergoing remission). He 
suffered two seizure episodes at 10 years of age, for 
which carbamazepine (Tegretol®, Novartis, Barcelona, 
Spain) was prescribed during 5 years (until 15 years of 
age). He was receiving no drug treatment at the time 
of presentation to our Service. The patient presented a 
septum pellucidum cyst as sole anomaly in the study of 
the brain (electroencephalogram and computed tomogra-
phy). There were no cardiological alterations. The pa-
tient had been subjected to tonsillectomy at four years 
of age, resection of a plantar nevus at 6 years of age, and 
bilateral otoplasty at 8 years due to anteversion of the 
ears. He presented no infectious disorders of interest, 
known drug allergies or toxic habits.
The general physical examination (fig.1) revealed some 
dysmorphic features such as a dolichocephalic skull, 
muscle hypotonus and lax ligament structures. The pa-
tient presented cognitive deficiency, affecting language 
in particular.
This patient was referred to our Service for the correc-
tion of deficient buccodental hygiene that had produced 
severe gingivitis. He had undergone root canal treat-
ment at the level of 2.1 at 10 years of age, and had been 
operated upon on two occasions under general anesthe-
sia for the removal of mesiodens at 10 years of age and 
of fully impacted 1.3 at 16 years of age. The patient had 
received fixed and removable orthodontic treatment for 
two years, and presently wore a removable space main-
tainer in the upper maxilla.
Physical examination showed facial asymmetry at left 
mandibular body level, while intraoral examination of 
the mandible revealed secondary retention and infraoc-
clusion of 3.6. Radiographically, root elongation of 
this molar was seen, together with the presence of root 
anomalies in all the lower premolars, such as taurodon-
tism and root bifurcation (fig.2).
The management plan included periodontal treatment, 
surgical extraction of 3.6 under local anesthesia, and the 
fitting of a removable partial prosthesis for maintaining 
the space. Once the growth phase of the patient has been 
completed, rehabilitation of the edentulous zones will 
be carried out by placing unit implants at the levels of 
3.6 and 1.3.
Case 2
A 10-year-old male presented with FXS, offspring of a 
woman with FXS carrier status. He had no history of 
systemic diseases or infectious processes. There were 
no known drug allergies or toxic habits.
The general physical examination revealed some typical 
features of FXS, such as an elongated face, a prominent 
frontal bone, large ears and strabismus. In the same way 
as in case 1, the patient had a low muscle tone, hyperla-
xity of the ligaments, and cognitive deficiency, affecting 
language in particular.
Fig. 1. Clinical frontal view of case 1. Note the typical fa-
cial features of fragile X-syndrome, such as the elongated 
face, the prominent mandible and large ears.
Fig. 2. Case 1
A. Panoramic X-ray view of 2002 . Showing total in-bone 
retention of 1.3.
B. Panoramic X-ray detail (year 2002). Showing root 
anomalies, taurodontism and bifurcation, in premolars of 
the fourth quadrant. 
C. The third quadrant shows these same root malforma-
tions in 3.4 and 3.5, in addition to root elongation of 3.6.
B
C
A
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This patient was referred to our Service for the correc-
tion of deficient buccodental hygiene that had produced 
mild gingivitis, aggravated by a mouth breathing habit. 
However, this patient had not undergone previous den-
tal treatment.
Exploration of the maxillas showed no facial asymme-
try, and the patient presented bilateral class II division 
1 malocclusion. As intraoral characteristics typical of 
FXS, he presented an ogival palate, with increased di-
mensions of the molar crowns (mesiodistal as well as 
vestibulolingual). The upper arch was V-shaped due to 
narrowing in the region of the premolars and canine, 
together with protrusion or labioversion of the upper 
incisors that produced an anterior open bite. Muscle ab-
normalities were also noted, with a hypotonic upper lip. 
The panoramic X-ray study (Fig.3) showed the germs 
of the permanent teeth and the absence of supernume-
rary teeth. The X-ray view revealed taurodontism af-
fecting 2.6 and 1.6, and anomalous root morphology of 
unerupted 4.3. The germs of the upper and lower second 
molars were still partially within the bone.
Periodontal treatment was provided, and the need for 
orthodontic management was evaluated but rejected by 
the parents.
Fig. 3. Case 2. Panoramic X-ray view showing taurodontism 
affecting 2.6 and 1.6, with root anomalies of unerupted 4.3. 
This patient presents no supernumerary teeth.
Discussion
Fragile X-syndrome (FXS) was first described in 1943 
by J. Purdon Martin and Julia Bell. Its genetic origin was 
not established until 1969, when individuals with cer-
tain mental and physical characteristics were associated 
with an alteration of chromosome X. In 1991, Verkerk 
described the FMR1 gene, which stimulated the medi-
cal and psychopedagogic study of the syndrome. The 
most important contributions in this sense have been 
improvements in the prenatal diagnosis of the disorder, 
and genetic counseling of individuals with antecedents 
of fragile X-syndrome (1,2, 13-15).
The name of this syndrome refers to the form of chro-
mosome X when cultured under special conditions (in 
folic acid-deficient medium). Due to the expansion of 
the nucleotide triplet, the extremity of the long arm of 
chromosome X appears decondensed and elongated, 
and ruptures easily. The phenomenon of chromosome 
X rupture only appears in vitro, on examining the sam-
ple under the microscope. The diagnosis of FXS is con-
firmed by molecular genetic studies of the FMR1 gene.
Newborn infants with FXS tend to have an increased 
body weight, and the clinical examination reveals ma-
crocephaly and large fontanelles. However, delayed 
mental development is usually the first diagnostic sign. 
Children with FXS begin to walk and speak after 20 
months of age on average. The syndrome is usually 
not diagnosed until 8-9 years of age, since the clinical 
manifestations of the syndrome are greatly attenuated 
in childhood. On reaching puberty, the facial and body 
features of FXS become more evident (9), and testicu-
lar enlargement is observed (although 10-15% of all af-
fected boys present macroorchidism before puberty) (8). 
The prepubertal patient corresponding to case 2 showed 
more attenuated physical features than in case 1.
The existence of connective tissue dysplasia associated 
to this syndrome leads to a high incidence of cardiac 
anomalies. These alterations include heart valve dis-
ease, with mitral valve prolapse in over 80% of all pa-
tients with FXS. In these cases antibiotic prophylaxis 
has been advised to prevent bacterial endocarditis be-
fore dental treatment or oral surgery. General anesthesia 
entails important risks because of these cardiac malfor-
mations. As a result, dental treatment preferably should 
be carried out under local anesthesia (5,9). However, 
neither of our patients presented heart problems.
Individuals with premutation (PM) of the FMR1 gene 
have no cognitive impairments, though our patients 
presented cognitive problems affecting language in 
particular, associated to physical features specific of 
FXS. The PM phenotype is attributable to the increase 
in mRNA of the FMR1 gene, and to the slight decrease 
in FMRP levels, which leads to intracellular precipita-
tions and neuron degeneration (1).
These patients present two late-onset subphenotypes. 
The first is premature ovarian failure (POF), observed in 
over 20% of all females with PM. This prevalence is 30 
times greater than in the general population. The FMR1 
gene intervenes in ovarian development and maturation 
(16). Non-fertile women who prematurely present eleva-
tions in follicle stimulating hormone (FSH) may be can-
didates for the study of FMR1 gene premutation (4).
The second subphenotype is referred to as FXTAS 
(Fragile X Associated Tremor / Ataxia Syndrome), and 
its prevalence is 30% among adults with PM. FXTAS is 
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a multisystemic neurological disorder mainly character-
ized by progressive intentional tremor, ataxia, parkin-
sonism and autonomous dysfunction (8,17). Other asso-
ciated characteristics are peripheral neuropathy with a 
reduction in vibration sensation in the distal portions of 
the lower extremities, sexual impotency, cognitive de-
fects (memory loss, difficulty forming words, etc.), and 
executive functional deficiencies. However, this clinical 
picture usually manifests after 50 years of age (1,4). Fe-
males with PM do not develop FXTAS. This difference 
is explained by the protection afforded by inactivation 
of the allele carrying the permutation. Very high levels 
of mRNA (up to 4-fold the normal levels) correspon-
ding to the FMR1 gene have been documented (8).
Family antecedents of FXTAS or POF associated to 
cognitive defects, as well as mental retardation of un-
known origin without family antecedents, are indica-
tions for genetic studies and the exclusion of FXS (4). 
An early diagnosis is very important for correct family 
planning, with specific and individualized intervention 
by a multidiscipline team (developmental therapies, e-
ducational or early stimulation protocols, etc.).
The most typical orofacial characteristics of this syn-
drome are mandibular prominence, an ogival palate 
and a cleft palate (5,9). Both of our patients presented 
an ogival palate, which in case 1 added to mandibular 
protrusion, though neither had a cleft palate. Another 
feature described by Nunn et al. (5), as well as by Shell-
hart et al. (10), is abrasion of the occlusal surfaces and 
incisal edges of the teeth. In our patients we observed 
no enamel hypoplasia or abrasions or wear facets–pos-
sibly because of their young age. In a case reported by 
Kulkarni et al. (9), a supernumerary tooth was identi-
fied in the premaxillary zone, in the same way as in our 
first patients, that was surgically removed at 10 years 
of age.
In our patients we observed localized taurodontism: in 
case 1 affecting the roots of all the lower premolars, and 
in case 2 the upper left first molar. This type of anomaly 
is seen in 0.5-5% of the general population, and only 
can be established radiographically. Taurodontism is 
characterized by less manifest cervical constriction of 
the tooth, shortening of the roots, and apical displace-
ment of the furcation. In addition, the pulp chamber is 
very large in the apico-occlusal direction in relation to 
the external configuration of the tooth (as in our first 
patient), and in the permanent molars (as in case 2). The 
literature reports cases of such root malformations asso-
ciated to other sex-linked congenital syndromes (18,19), 
though no publication to date has related them to FXS.
It has been reported that chromosome X dental size 
and shape, in addition to root morphology (20). Our 
two patients presented anomalies in root morphology. 
We identified bifurcated roots bilaterally in both lower 
premolars of case 1, and in the lower right canine in 
case 2 (this tooth being fully retained in bone). In the 
general population the prevalence of alterations in pre-
molar root morphology is low –2.3% according to Ver-
tucci (21) –and is more common in the first premolars 
(20,21). In addition, an increased frequency of premo-
lars with two roots has been observed in patients with 
chromosomal alterations (19,22). 
In studies of tooth morphology in patients with FXS, an 
increase has been reported in crown diameter in the me-
siodistal and vestibulolingual direction, compared with 
the normal population. Asymmetry in crown size may 
be used as dental evidence for the diagnosis of patients 
with FXS (13). In our two patients, the coronal diame-
ters were greater than in the general population, with 
slight macrodontia at molar and premolar level.
Due to the ligament hyperlaxity of these patients, recur-
rent temporomandibular joint luxation is common. In 
case 1 we diagnosed bilateral anterior disc displacement 
with reduction and subluxation of the condyle, associa-
ted to joint sounds but without pain.
Secondary retention is defined as the arrest of tooth 
eruption once the latter has appeared in the mouth, in 
the absence of any anomalous positioning or physical 
barrier against further eruption (23). The incidence of 
this alteration in the case of the permanent molars is 
very low, and causes severe alterations in dentition de-
velopment and normal orofacial growth. Clinically, the 
presentation tends to be unilateral, and retention can be 
associated to cystic or inflammatory disorders and to 
alterations in occlusion. Treatment depends on the age 
of the patient, the affected tooth, and the degree of in-
fraocclusion and malocclusion caused (24). According 
to most authors, the main cause of secondary retention 
is an alteration in the alveolar ligament, which can lead 
to ankylosis of the tooth (25). In the radiological study 
of case 1, we observed an increase in root length with 
secondary retention of 3.6. In patients with dental re-
tention, periodic clinical and radiological controls are 
advised, particularly in age intervals between mixed 
dentition and 20 years of age–in view of the possible 
appearance of new retentions.
Transcriptional gene therapy appears as a future solu-
tion for genetic diseases, including FXS. With postnatal 
treatment, the neurological alterations of this syndrome 
could be modified, though it is unlikely that the facial 
malformations and the ligament hyperlaxity can be 
avoided (1).
Conclusions
Fragile X-syndrome is of interest in dental practice be-
cause of its high incidence and the presence of orofa-
cial alterations that are key elements for diagnosing the 
disease in males with mental retardation of unknown 
origin. In our two patients we observed root malforma-
tions such as taurodontism, bifurcation and root elonga-
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tion root, which have not been previously reported in 
association to FXS.
In the relationship between dentist and patient it is nec-
essary to take the behavioral disorders of subjects with 
FXS into account. The stress of dental treatment should 
be avoided through anxiolytic premedication, and the 
patients should become familiarized with the environ-
ment of the dental clinic, since they become afraid in 
the presence of numerous external stimuli (noise, lights, 
etc.). If these patients have heart valve problems, preo-
perative antibiotic coverage should be provided, and as 
far as possible, dental treatment should be carried out 
under local anesthesia.
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